Background and Purpose-Fish consumption has been postulated to reduce the risk of stroke. We conducted a dose-response meta-analysis to summarize the evidence from prospective studies regarding the association between fish consumption and stroke risk. Methods-Pertinent studies were identified by searching Embase and PubMed through May 2011 and by reviewing the references of retrieved articles. We included prospective studies that reported relative risks with 95% CIs of stroke for Ն3 categories of fish consumption. Results were combined using a random-effects model. Results-Fifteen prospective studies, with 9360 stroke events among 383 838 participants, were included. An increment of 3 servings/week in fish consumption was associated with a 6% reduction in risk of total stroke (relative risk, 0.94; 95% CI, 0.89 -0.99) without heterogeneity among studies (Pϭ0.15, I 2 ϭ25.7%). Among 9 studies with results for stroke subtypes, the relative risks were 0.90 (95% CI, 0.84 -0.97) for ischemic stroke and 0.90 (95% CI, 0.76 -1.06) for hemorrhagic stroke. Conclusions-These findings indicate that fish consumption is weakly inversely associated with the risk of stroke.
I
t has been postulated that fish consumption may reduce the risk of stroke. Fish contains long-chain omega-3 polyunsaturated fatty acids, which have been demonstrated to have antiatherosclerotic and antithrombotic effects. We conducted a systematic review and a dose-response meta-analysis of prospective studies to assess the relation between fish consumption and the risk of total stroke and stroke subtypes.
Methods
We performed a literature search of the Embase and PubMed databases from January 1966 through May 2011 using the key words fish and stroke without restrictions. Furthermore, we reviewed the reference lists of retrieved articles. Prospective studies were included if they reported relative risks (RRs) with 95% CIs of stroke incidence or mortality for Ն3 quantitative categories of fish consumption.
We estimated for each study a RR with 95% CI for a 3-servings/ week increase of fish consumption. For 1 study that reported results for fish intake in grams only, 1 we derived servings by assuming that 1 serving equals 100 g. For each study, the median or mean fish intake for each category was assigned to each corresponding RR. To examine a potential nonlinear relationship between fish consumption and stroke, we first created restricted cubic splines (3 knots at fixed percentiles) and then for each study we assessed potential departure from a simpler linear trend by testing the coefficient of the second spline equal to zero. Study-specific results were combined using a random-effects model. All statistical analyses were conducted using Stata (StataCorp, College Station, TX). Probability values Ͻ0.05 were considered to be statistically significant.
Results
Our literature search identified 15 independent prospective studies of fish consumption and stroke risk (Figure 1 ). [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Combined, these studies included 9360 stroke events and 383 838 participants (Supplemental Table I ; http://stroke.ahajournals.org). Seven studies were conducted in the United States, 4 in Europe, 3 in Japan, and 1 in China. All studies provided risk estimates that were adjusted for age, smoking, and history of hypertension or measured blood pressure. Most studies also controlled for alcohol consumption (13 studies), body mass index or obesity (14 studies), history of diabetes (13 studies), physical activity (9 studies), and other dietary factors (8 studies).
There was evidence of a nonlinear association between fish consumption and stroke risk in only 1 study. 7 The pooled RR of total stroke for a 3-servings/week increment in fish consumption was 0.94 (95% CI, 0.89 -0.99) without heterogeneity among studies (Pϭ0.15, I 2 ϭ25.7%; Figure 2 ). In a sensitivity analysis in which 1 study at a time was removed and the rest analyzed, the pooled RRs ranged from 0.93 to 0.95, indicating that the pooled estimate was robust and not influenced by a single study. When the RR for each study for the highest versus lowest category of fish consumption was combined, the RR was 0.88 (95% CI, 0.81-0.96). There was no evidence of publication bias (Egger regression test, Pϭ0.87).
Nine studies provided results for stroke subtypes. 1,6 -8,10,11,13-15 Among these studies, the RRs for a 3-servings/week increase in fish consumption were 0.90 (95% CI, 0.84 -0.97) for ischemic stroke (heterogeneity: Pϭ0.51, I
2 ϭ0%) and 0.90 (95% CI, 0.76 -1.06) for hemorrhagic stroke (heterogeneity: Pϭ0.32, I 2 ϭ12.8%).
Discussion
This meta-analysis of 15 prospective studies found that fish consumption is weakly inversely associated with stroke risk. For each 3-servings/week increase of fish consumption, the risk of stroke decreased by 6%. Potential mechanisms by which long-chain omega-3 polyunsaturated fatty acids in fish may reduce the risk of stroke include reduced triglyceride concentrations, decreased blood pressure, and improved endothelial function.
The possibility of confounding as a potential explanation for the observed association cannot be excluded. Although the majority of studies adjusted for known risk factors for stroke, there remains the possibility for residual confounding. Another limitation is measurement error in the assessment of fish consumption. However, because of the prospective design, any misclassification of fish consumption is most likely random and leads to underestimation of the true relation between fish consumption and stroke. Because only 2 studies assessed lean and fatty fish consumption separately, 12, 15 we could not analyze lean and fatty fish separately.
In summary, results from this meta-analysis suggest that fish consumption may be weakly inversely associated with the risk of stroke. 
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*Results for fish (except broiled) were used in the analysis. †Results for tuna/other fish were used in the analysis. ‡Prospective nested case-control study.
